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Myeloablative allogeneic stem cell transplant (MA AlloSCT)
for childhood AML may be associated with signiﬁcant acute
toxicity, late effects and/or recurrent disease (Woods et al;
Blood, 2001). Reduced intensity (RI) AlloSCT may offer less
acute toxicity and/or reduced late effects for children with
cancer (Del Toro/Cairo et al; BMT, 2004, Satwani/Cairo,
BBMT, 2005). Gemtuzumab ozogamicin (GO) has induced re-
sponses in 30% of patients with recurrent CD33 AML (Siev-
ers et al; J Clin Oncol, 2001). We explored the feasibility and
toxicity of RI AlloSCT followed by GO targeted immunother-
apy as consolidation in children with CD33 AML. Eleven
patients, 11 years (0.5-21) with CD33 AML, 8-CR1 and
3-CR2 (M0-1, M1-1, M3-1, M4-3, M4/5-1 and M5-4) received
ﬂudarabine 30mg/m2x6d and busulfan 3.2-4mg/kgx2d 	 rabbit
ATG 2mg/kgx4d. Donors: 7 6/6 HLA related peripheral blood
stem cells (RPBSC), 1 5/6 RPBSC, 1 6/6 related cord blood
(CB) and 2 4/6 unrelated CB. GOx2 was administered 60d
post AlloSCTx2 (8wks apart), following a dose escalation design
(4.5, 6 and 7.5mg/m2). Median neutrophil and platelet engraft-
ment after RI AlloSCT for 10/11 evaluable patients was on
d15	4 and d16	16, respectively. One primary graft failure
relapsed after a MA AlloSCT. Donor chimerism in 10/11 evalu-
able patients was 97	2% (d30) and 95	11% (d365). Eight
patients received two doses of GO (4.5mg/m2 [n3], 6mg/m2
[n4], 7.5mg/m2 [n1]); one patient received one dose of GO
and relapsed and died of AML. One patient has not yet reached
d60. The median time between AlloSCT and 1st and 2nd doses
of GO was 70 and 150 d, respectively. All patients experienced
grade 4 neutropenia following each GO course with recovery
(ANC500/mm3x2d) on median d18 and 14, respectively.
Grade 4 thrombocytopenia was only observed in 6/17 GO
courses, with recovery (platelets20,000/mm3, without transfu-
sion) following each GO course on median d4 and 0, respec-
tively. Eight patients are alive with no evidence of disease
(NED); the ninth, with NED expired from cGVHD. Estimated
1-yr OS for CR1 and CR2 is 67.5%. No patients have developed
dose-limiting toxicity secondary to GO. RI AlloSCT in average
risk AML results in 95% donor chimerism and administration
of GO post RI AlloSCT is well tolerated. The maximal tolerated
dose has yet to be determined for GO post RI AlloSCT in
children with CD33 AML.
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NON-INVASIVE PET IMAGING OF T CELLS DERIVED FROM UMBILICAL
CORD BLOOD
Singh, H.1, Najjar, A.M.1, Olivares, S.1, Nishii, R.1,
Mukhopadhyay, U.1, Alauddin, M.1, Jensen, M.C.2, Forman, S.J.2,
Shpall, E.J.1, Champlin, R.E.1, Gelovani, J.G.1, Cooper, L.J.N.1 1M D
Anderson Cancer Center, Houston, TX; 2City of Hope National Medical
Center, Duarte, CA.
Genetic introduction of chimeric antigen receptors (CARs) re-
directs the speciﬁcity of T cells for tumor antigens such as CD19
on B-lineage malignancies. Adoptive transfer of donor-derived
CD19-speciﬁc CART cells may be used to augment graft-versus-
leukemia/lymphoma (GVL)-effect after allogeneic hematopoietic
stem-cell transplantation in general, and umbilical cord blood
transplantation in particular. To help assess the therapeutic poten-
tial of this adoptive immunotherapy we have generated the genetic
tools to non-invasively image CAR T cells in vivo. A four-func-
tion reporter transgene has been developed for co-expression with
a CAR to achieve (i) in vitro selection of CAR T cells in cytocidal
concentrations of hygromycin B, (ii) in vivo ganciclovir-dependent
conditional ablation and (iii) in vivo simultaneous bioluminescence
imaging (BLI) with (iv) in vivo positron emission tomography
(PET). For imaging, the plasmid expressing the 2nd-generation
CD19-speciﬁc CAR (CD19RCD28) was modiﬁed to encode the
reporter gene ffLucHyTK, which fuses Fireﬂy Luciferase (ffLuc),
hygromycin (Hy) phosphotransferase and HSV1-derived thymi-
dine kinase (TK). We show that CD19-speciﬁc T cells expressing
the HyTK- fusion transgene take up PET-tracer in vitro and can
be tracked in vivo in mice by BLI and microPET imaging after
intravenous injection of d-luciferin and [18F]FEAU, respectively.
This is among the ﬁrst reports demonstrating that HyTK fusion
gene can be used not only for selection and suicide, but also for
PET. Since the HyTK transgene is currently used in clinical trials,
and co-expression of a TK suicide gene may be necessary to ensure
safety of initial protocols infusing T cells expressing second-gen-
eration CARs (which can activate T cells through chimeric CD3-
and CD28), this report should encourage investigators to under-
take PET imaging of adoptively transferred HyTK cells. The
imaging modalities used in this project can be readily translated,
and we expect that the clinical application of T-cell-PET will help
physicians and their patients dissect the beneﬁts of allogeneic
adoptive immunotherapy of CAR T cells with respect to toxicity
(e.g., graft-versus-host-disease) and efﬁcacy (GVL). Indeed, devel-
oping methodologies that are capable of generating quantitative,
non-invasive, longitudinal, and spatial in vivo information about
the dynamic process of infused T cells will be critical to our general
understanding of adoptive immunotherapy in humans.
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HEMATOPOIETIC CELL TRANSPLANTATION (HCT) IN CHILDREN WITH
ACUTE LYMPHOCYTIC LEUKEMIA (ALL) IN SECOND COMPLETE REMIS-
SION (CR2): SIMILAR RESULTS WITH GRAFTS FROM UNRELATED DO-
NORS (URD) AND HLA MATCHED SIBLING DONORS (MSD)
Smith, A.P.1, Baker, K.S.1, DeFor, T.E.1, Verneris, M.P.1,
Wagner, J.E.1, MacMillan, M.L.1 1University of Minnesota, Minne-
apolis, MN.
Background: Transplant decisions for pediatric patients with
ALL in CR2 are often based on timing of relapse and donor
availability. If a MSD is available, HCT will proceed. If not, care
may be continued with chemotherapy. The role of URD HCT for
these patients is less well established. As advances in supportive
care measures have resulted in less treatment related mortality
(TRM) and improved survival after URD HCT, the approach to
treating such patients should be reevaluated.
Materials and Methods: Between 1990-2004, 85 children with
ALL in CR2 underwent allogeneic HCT at the University of
Minnesota. The median age at HSCT was 7.3 (range 0.9-17.9)
years. Median length of CR1 was 2.1 (range 0.1-6.1) years. Donor
source included 33 MSD bone marrow (BM), 19 HLA-matched
(M) URD BM, 15 HLA-mismatched (MM) URD BM and 16
URD umbilical cord blood (UCB), all but one being MM at 1-2
HLA antigens. All patients received conditioning with cyclophos-
phamide and total body irradiation (/- etoposide in 28 or ﬂu-
darabine in 4). Patients were followed for a median of 6 (range
1.1-13.5) years.
Results: Neutrophil recovery was similar in all 3 groups: 94% in
MSD, 88% in MURD BM, 78% in MM-URD BM and 94% in
UCB (p .43). Overall TRM at one year was signiﬁcantly higher
in MMURD (73%) compared to MSD, MURD and UCB recip-
ients (12%, 21% and 28%, respectively). The incidence of grade
II-IV acute GvHD was higher HCT using of MURD BM
(RR3.2, p.02) and MMURD (RR 7.4, p.01) than MSD BM
or UBC recipients. Similarly, the risk of chronic GvHD was higher
after transplantation of MURD BM (RR 5.4, p.04) and
MMURD BM (RR 8.8, p.03). Relapse rates at 5 years were 37%
for MSD, 16% for MURD BM, 7% for MMURD BM and 33%
for UCB (p.43). Factors associated with a lower risk of relapse
included receiving MMURD BM (RR 6.1, p.01), CR1 1 year
(RR 0.5, p.05) and developing grade II-IV acute GvHD (RR 0.3,
p.01). Probability of 1 year survival after HCT for MSD,
MURD, MMURD and UCB were 70%, 68%, 20%, and 61%
(p.01), respectively. Factors affecting survival included donor
type, length of CR1, presence of T-cell ALL and acute GvHD
(Table). Survival and leukemia free survival after HLA matched
URD BM and HLA mismatched UCB appear to be similar to that
observed after HLA matched BM from sibling donors. Therefore,
parameters used for recommending URD HCT (either HLA
matched URD BM or HLA mismatched UCB) should be similar
to those used for recommending HLA MSD BM for children with
ALL in CR2.
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Table 1 Regression Analysis of Survival
Variable
Relatie Risk of Mortality
(95% Confidence Interval)
P-
Value
DONOR TYPE
MSD* 1.0
MURD 1.5(0.6-3.9) .35
MMURD 4.7(1.9-11.7) <.01
UCB 1.8(0.8-4.0) .15
LENGTH OF FIRST
REMISSION
< 1 year* 1.0
> 1 year 0.5(0.3-1.0) .05
ALL T-CELL LINEAGE
No* 1.0
Yes 2.6(1.1-6.2) <.01
GRADE II-IV ACUTE GvHD
No* 1.0
Yes 0.5(0.2-1.1) .07
* Reference Category
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DIRECTED DONOR CORD BLOOD TRANSPLANTATION FOR HEMATO-
LOGICAL DISORDERS
Walters, M.C.1, Quirolo, L.1, Edwards, S.1, Lee, J.1, Robertson, S.1,
Falcon, K.2, Briddell, R.2, Lubin, B.1 1Children’s Hosp & Research
Center Oakland, Oakland, CA; 2Viacell, Inc., Boston, MA.
The Sibling Connection Program is a directed donor cord
blood program that accommodates sibling cord blood banking
from remote collection sites in the US. Between September
1997 and September 2006, 65 children were treated by sibling
donor cord blood transplantation (CBT) utilizing these cord
blood units (CBUs), 51 using cord blood as the sole source of
allogeneic hematopoietic cells. CBT recipients had acute leu-
kemia or myelodysplastic syndrome (N23), thalassemia major
(N21), sickle cell anemia (N12) or other non-malignant
disorders (N9), and all but 4 received HLA-identical sibling
allografts. The median total nucleated (TNC) cell dose was
4.9  107 TNC/kg recipient weight (range, 1.1 – 24.1) and the
median CD34 cell dose was 1.6  105/kg (range, 0.1 – 6.9).
The median time to absolute neutrophil count 500 and plate-
let 20,000/mm3 was 22 and 45 days, respectively. Of 60 pa-
tients who could be evaluated, 2 (3%) had graft rejection and
both had a non-malignant disorder treated by a non-myeloab-
lative regimen. Fourteen of 56 evaluable patients (25%) devel-
oped Grades I-III acute graft-versus-host disease (GVHD) and
none had Grade IV GVHD. Two of 48 evaluable patients had
chronic GVHD (4.2%) and both received HLA-mismatched
allografts. Overall, the Kaplan-Meier probabilities of survival
and event-free survival after sibling CBT are 80% and 76%,
respectively with a median follow-up of 16 months (range, 0.1 –
94 months). Patients died of relapse (N7), pulmonary toxicity
(N2), seizures (N1), or sepsis (N1) with an overall TRM of
6%. Outcome after CBT was best in patients with non-malig-
nant conditions, where 39 of 42 survive after CBT (93%) and 37
of 42 (88%) survive free of the underlying disorder. These
results conﬁrm the utility of remote site, directed donor cord
blood collection and subsequent transplantation for hematolog-
ical disorders. The ability to combine cord blood with a marrow
harvest from sibling donors generated a low risk of graft rejec-
tion and very low rates of severe GVHD. Transplantation of
sibling CBUs in lieu of bone marrow may be especially advan-
tageous when there is urgency for transplantation and in non-
malignant disorders where GVHD, in particular, has a negative
impact upon outcome.
SOLID TUMORS
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HIGH AVIDITY CYCLIN E-DERIVED PEPTIDE-SPECIFIC CTL CONTRIB-
UTE TO INDUCTION OF REMISSION AFTER STEM CELL TRANSPLANTA-
TION
Ishiyama, K.1, Kondo, Y.1,2, Wieder, E.1, Lu, S.1, Molldrem, J.1 1De-
partment of Stem Cell Transplantation and Cellular Therapy, The
University of Texas M.D. Anderson Cancer Center, Houston, TX;
2Cellular Transplantation Biology, Kanazawa University Graduate
School of Medical Sciences, Kanazawa, Ishikawa, Japan.
Cyclin E1 (CCNE1) and cyclin E2 (CCNE2) are cell cycle genes that
are overexpressed in AML, ALL, and CML, and in solid tumors such as
breast cancer (BrCA), lung cancer, and gastric cancer. We found that
cytotoxic T-lymphocytes (CTL) with speciﬁcity for two HLA-A2-re-
stricted CCNE1 (CCNE1144-152, ILLDWLMEV) and CCNE2
(CCNE2144-152, ILLDWLLEV) peptides killed tumors that overex-
pressed either protein, including ALL, CML, and non-Hodgkin’s lym-
phoma (NHL). Peptide/HLA-A2 tetramer binding assays and dissocia-
tion studies showed antigen cross-recognition, although CCNE1
appearedmore dominant. To determine the clinical signiﬁcance of CTL
immunity to these self-epitopes, we studied 18 leukemia patients (10
CML, 8 ALL) and 3 breast cancer patients before and after allogeneic
stem cell transplantation (SCT) using peptide/HLA-A2 tetramers. A
two-fold increase in CCNE1- or CCNE2-CTL after SCT was consid-
ered as evidence of an immune response (IR). Amongst 18 leukemia
patients, an IR to CCNE1 or to CCNE2 was found in 12 (67%) and 14
(78%) patients, respectively. All 12 patients with an IR to CCNE1 also
had an IR to CCNE2, reﬂecting possible cross-recognition of both
peptides by some CTL clones. IR to either CCNE1 or CCNE2 did not
correlate with diagnosis, source of the graft, or disease status prior to
SCT. Importantly, IR correlated with complete remission (CR) after
SCT (100% vs. 33%; p0.04), but IR occurred more frequently in
patients without graft-versus-host disease (GVHD) (92% vs. 50%,
p0.05). One BrCA patient had no clinical response and no IR after
SCT; however, two BrCA patients showed both clinical responses and
IRs to both cyclin peptides after SCT. One of these latter patients also
developed concomitant GVHD after tacrolimus withdrawal. In all 3
patients, CTL immunity to CMV did not change in proportion to
clinical response after SCT, suggesting that tumor-speciﬁc immunity
developed to cyclin E. These results provide clinical evidence that both
CCNE1 and CCNE2 peptides are novel tumor-associated antigens, and
they justify future studies to determine whether CTL immunity can be
enhanced against these antigens in cancer patients. Moreover, IR to
CCNE1 and CCNE2 correlates with SCT-induced remission in the
absence of acute GVHD, suggesting that the graft-versus-tumor effect
may be separable from GVHD.
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ENHANCING THE IN VIVO EXPANSION OF ADOPTIVELY TRANSFERRED
EBV-CTL WITH LYMPHODEPLETING CD45 MONOCLONAL ANTIBODIES
IN NPC PATIENTS
Louis, C.U.1, Straathof, K.1, Torrano, V.1, Huls, M.H.1,
Gresik, M.V.1, Weiss, H.1, Gee, A.1, Brenner, M.K.1, Rooney, C.M.1,
Heslop, H.E.1, Gottschalk, S.1 1Center for Cell and Gene Therapy:
Baylor College of Medicine, The Methodist Hospital and Texas Chil-
dren’s Hospital and Cancer Center, Houston, TX.
Background: Treatment of Epstein Barr virus (EBV)-positive naso-
pharyngeal carcinoma (NPC) with polyclonal EBV-speciﬁc cytotoxic T
cells (EBV-CTL) has been promising, producing disease stabilization and
complete remissions in patients with low disease burden. However, in-
fused EBV-CTL did not expand signiﬁcantly in vivo, limiting their anti-
tumor activity. One strategy to enhance the in vivo expansion of adop-
tively transferred CTL is to reduce the lymphocyte pool prior to T cell
infusion. This should result in homeostatic proliferation of the infused T
cells restoring the lymphoid compartment. A pair of monoclonal anti-
bodies, targeted to the CD45 antigen (CD45 MAbs), were used to
selectively lymphodeplete patients prior to stem cell transplantation.
These produced marked reduction in circulating lymphoid and myeloid
cells while largely sparing marrow progenitors. We therefore hypothe-
sized that administration of CD45 MAbs will lymphodeplete NPC pa-
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